A microtiter procedure for the quantitation of Bacillus cereus hemolysin is described.
One of the common assay methods for the various bacterial hemolysins described in recent literature (2-4, 5-7, 9, 11) is titration by serial dilution with the end point determined visually or spectrophotometrically. We report here the adaptation of the microtiter technique (8) to the quantitation of cereolysin, an extracellular hemolysin of Bacillus cereus (3) . The procedure maintains the accuracy and eliminates many shortcomings of tube titrations read visually.
For routine production of cereolysin, B. cereus strain B-48 was grown in yeast extract broth (YEB) containing in percent (w/v): K2HPO,, 1.0; ferric ammonium citrate, 0.005; MgSO4, 0.05; NaCl, 0.5; (NH4)2HC6H07, 0.5; dextrose, 1.0; and yeast extract (BBL), 1.0. The pH was adjusted to 7.2 with 1 N HCl. Other media used in the studies were casein hydrolysate broth consisting of the above glucose-salts base plus, instead of yeast extract, 0.2% (w/v) or 1.0% (wlv) vitamin-free casein hydrolysate (Sigma), and 1.0% neopeptone beef infusion broth (Difco).
Bacteria were incubated at 37 C overnight in 5.0 ml of the appropriate broth in test tubes in a New Brunswick Scientific model G76 water bath shaker set at 120 rev/min. Then, 1.0 ml of this culture was transferred to 50 ml of the same broth in a 250-ml flask. These secondary cultures were incubated at 37 C on a New Brunswick Scientific model G53 rotary shaker set at 200 rev/min. After 6 to 7 hr of growth, samples were withdrawn and centrifuged at 1,000 x g for 10 min, and the supernatant was used for titrations.
Microtitrations were performed using 96-well styrene microtiter U-plates (Cooke Engineering Co., Alexandria, Va.). In each of the first and second wells of a 12-well row was placed 0.05 ml of the sample. Twofold dilutions in phosphatebuffered saline (PBS), pH 7.2, were begun with well 2 and continued through well 12 by using 0.05-ml microdiluters (Cooke Engineering Co.).
Rabbit blood (in modified Alsevers solution) and sheep blood (defibrinated) used for the hemolytic assay were obtained in 100-ml quantities from Colorado Serum Co. (Denver, Colo.). The blood was stored at 4 C and not used beyond 3 weeks, unless, prior to that time, the supernatant from the second wash showed hemolysis (10) . As needed for each assay, red blood cells (RBC) were washed three times in PBS and then suspended in PBS to the desired concentration.
For comparison to microtitration, 0.5-ml samples were titered by twofold serial dilution in PBS using test tubes (13 by 100 mm). After addition of 0.5 ml of a washed 0.5% (v/v) suspension of rabbit RBC to each tube, the series was incubated for 1 hr at 37 C in a stationary water bath and then centrifuged to pellet the RBC. The titer of cereolysin in the sample was read as the highest dilution showing complete hemolysis.
There exist inter-and intraspecies differences in sensitivity of RBC to hemolysin (1). We assayed samples of supernatant fluids containing cereolysin by microtitration using 0.5% and 1.0% sheep RBC (v/v), and 0.2, 0.5, 1.0, and 2.0% rabbit RBC (v/v). The best-defined end points were obtained with 0.5% (v/v) rabbit RBC. The most reproducible titers resulted when plates were incubated at 37 C for 60 min, as opposed to temperatures of 4 or 25 C and times of 15 or 30 min. To avoid difficulties caused by variations in hemolytic sensitivity of RBC from different lots of blood, all comparative assays were performed with RBC from one lot.
In all cases, immediately after incubation, plates were refrigerated for at least 4 hr before reading (10) to stop the hemolysis and to allow settling of intact RBC. As with the tube titration, the titer was read as the highest dilution showing complete hemolysis. The procedure for cereolysin assay is summarized in Fig. 1 . It is as sensitive as, yet requires only one-tenth the time and reagents of, the tube dilution method. Those assays requiring the precision of spectrophotometric analyses of hemolyzed RBC suspensions cannot be supplanted by the method described here. However, where a tube dilution assay would provide the necessary precision, as in our studies with cereolysin, microtitration can be a valuable tool in the study of bacterial hemolysins.
